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(54)Title: ORGANIC ELECTROLUMINESCENT DEVICE 

(SA)ftW<n*fo *T«|EL$7- 



(57) Abstract 

An organic EL device wherein a particular coumarin derivative is incorporated into a luminescent layer and a particular 
letraaryldiamine derivative is incorporated into a hole implanting and/or transporting layer. Further, a particular coumarin derivative, a 
particular quinacridone compound, or a particular styryl compound is incorporated into a mixed-layer type luminescent layer. By providing 
two or more luminescent layers including a mixed-layer type luminescent layer, incorporating two or more dopants, and effecting light 
emission from two or more luminescent species, an organic EL device which gives high-luminance light emission, enables continuous light 
emission, and has high reliability is realized. Further, multi-color light emission becomes possible. 
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uy^h) <i>vvj±. hjt. (5-y^;u-8-^y uy^h) 7;r=^a, 

8- + ;U;7hUf^A. MJ7. (5 DP- 8 -*7'J 7 5 h) tf'J^A, 

h'x (5-^nD-8-^/uy7h) *;k>^A, 5, 7-^0^-8-* 

y U y 7 hUT. (5, 7 -v^oqE- 8 - 1 h*n*v*7 u y 

5h) 7;^Z0A, #U (II) -t'7. (8-bh'D + y-5-^yjr 

;u) y^>] , 

-V&m&r&oTbXK, Z<D£oU%<DtLT\Z, t:7s (2-7^-8- 

*yjy7h) (7i/7h) 7^5-«7A(iii), t'x (2-y^;i^-8- + y 
'J/7h) (^-;Ph-^u77h) y^^-^Adii), fx (2-y^;u-8- 
*/'jy7h) (/^-i7i/77h) 7;i/$-»7A(iii), t*x (2-y^;u-8 
-^yjy^h) (/i7-*uv*7 h) T^^-^Adio. b*7 (2-y^;i/- 

8- + /'j;5M (^h-7i-^7i;7 h) 7;i/5 ->7A(III), fc'Z (2 

-y^;b- 8-4/u;7h) (y ^-7x-;u7xy ^ m 7Ji/5-"7A(iii), 
ifT. (2-y^;i/-8-=^y uy^ h) (/^-7i-^7i/7h) 7;us- 

•7AUII), MTs (2-y^;U-8- + 7U77h) (2, 3-y7^7x/7 

h) 7;us -^A(ni), t*7 (2-y^;i/-8- + y g/7 h) (2, 6-->'y 

^7x7 7 h) 7Jl'5-'7A(IIIh t*7> (2 8 -*7 y y 7 V) (3, 

4-y^^7x/7h) 7Jl/Sn-7A(III), fc'7 (2 -yf^U- 8-^7 U> 
yb) (3, 5-y^Wx/ 7 h) 7;t^ (III)« h'7 (2-*t^- 
8- + 7U/7h) (3, 5 -:7-tert-:7>;U7x7 7 H 7;U5-9A(III), 

b*x (2 -y^;u- 8 -*y u y 7 n (2, 6 -^7x^7x7 7 h) 7)V 
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= - ^7 A (III). fc*7 (2-*?)l-8-*y>) /?h) (2, 4, 6-h'J7x 
X)|/7x7 7 M 7)1<<$X7A(III), £7 8 >J 7 7 h) (2, 

3,6- MJ 7^)1/7x7 5 S) 7;U= -^7A(III), (2 -7^)1/- 8 
7D7?M (2, 3, 5, 6 N573 L )U7x7 7 S) 7)l^x7A(IIIh 
fc*7 (2-^^-8- + ;U;7h) (l-t7h7h) 7)l^X7A(III), 
b*7 (2-7^)P-8-*7'J7-7M (2-t7h7h) 7;P5 -7A(III)> 
t*7s (2, 4-y/^-8- + ;'jy7h) U)l< h - 7 x ~)17 x 7 7 h ) 
7)1/5 X7AOII), tf7> (2, 4-v^^-8- + y'j;7h) (A5-7x 
XJU7x7 7 h) 7)l/5-7A(IIl), t*7 (2, 4-y^^-8-^/iJ/7 
M (^-7i-^7i7 7 H 7)PSx7A(IIlh fc*7> (2, 
-8-*yj/5h) (3, 5-y^^l/7x;7 h) 7)l^X7A(IIIh t*7 
(2, 4-^^fJl/-8- + ;'J/7h) (3, 5 -v-terl-75 1 )l/7x7 7 
h) 7)U = X7A(IIIh t*7 (2-j*^)l/-4 -X^)W- 8- + /'J77h) </t 
5-^H/5h) 7)U5-7A(III), tf7 (2-73MU-4-7 h*v- 8 
yj/^h) (A7-7i-Jl/7x/7h) 7)U5 -^Adll), k*7 (2-^^ 
)l>-5-v77-8-*7U77h) (*)Ph- ^v^M 7)U5 -7 A (II I), 
t'7 (2-/f;l/-6-h l J7;Ptn^^-8- + ;'J/7h) (2-7-7h 
7h) 7;U5-7A(III)#^*5. 

dOli^, h:7> (2 -7^)U- 8 -*7 »J 7 7 h) 7)US - 7 A (II I) - u -Or 
+ (2-^^)l/-8-^y'J7 7h) 7)U5 ~7A (III), h*7 (2, 4 

-y^f^-8-*/'j;7h) 7)U5 -7A(III)-/i-^-^y- t*7 (2,4 
-HtJ-lV- 8 -*cJ U/7 h) 7)U5-7A(III), h*7 (4-X^)U- 2-* 
7\^-8 -*7 7)1^-7 A (1 1 1) 7- £7. (4-X^)U- 

2-/^-8- + ;'j;7h) 7)l/5X7A(IlI), t*7 ( 2 - 4 - 7 

h*v*7 'J 7 7 M 7)l/$x7A(III)-M-^^7-t*7 (2 - 7^)1/- 4 - 
7 b**>*7 'J 7 v h) 7)USx7A(IIIh t*7 ( 5 - ->7 7 - 2 - 7^)1/- 8 
-*/ 'J 7 7 h) 7)1/5X7A(I1I)-M-^^V- t'7 (5-y7;-2-/f 
)V- 8 -*7 U 7 5 h) 7)PSX7A(III), (2-7^)1/- 5 - h U 7)U* 
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U*9)V- 8 >J J 7 h) T^S-^AUID- *z -**7- (2 

)V- 5 - MJ 7)V-*U*?-)V- 8 »J / 7 h)7JU5 -C7A(III)^T^>oT 

H©ff>&>0sfr7. h*m tLTH 4$B8¥8 - 1 2 6 0 0 ^{CfB$!c07 x ~ ;i/7 
> l-7-fe>«3MM»ftliB¥8 - 1 2 9 6 9 ^ZtmOv- Y 7~7 U -;UXx>SH* 

7xHJl/7>h7-fe>Sf3Hm» (V) TSSnSfcOT**. 
5* (V) 

A'-L'-A 2 (V) 

^ (V) fwfe^T, A'£<fctf A z te, ^ ; £;7i-;V7>hUJH^fdiy 

A 1 , A'TSSftS^/ 7i-JI/7> HJ;u**fctts>7x=:;U7>h >j;us 

StLTH 7;U^;PS. 7»J-;U*. + 7 u + 7^/ 

■5tt«JftS©Hift{tlItt«ftlfiJE$ntt^*«, 7>h7-fe>38T«ft<, 7>h 
9*>lR£e£Lfc7xx;U£T&S;:i:JW*LV>. £fc> 7>h^-fe>81tC 
fctt£7xx;Ug(D^£ftM«7> h7il>gt£>9ft. 1 0fit$5ui« 

5£ (V) £43^T, L*«Jti*g&a;fctt7'J--U>S££1\ L'Tg^n57 
U-l'^tlTH «Hl»T**ii:*Jffi£L<, JM*ftlC&7 xXW 
h*7x-U>S, 7>h U U>SHoa^©7'J-l/>SWftU, 2js&^u j en 
UA±07U-l/>S^it^^Ufc ! bO^^^,n?>o L'<hLTte, i££§£, 
p-7i-l/>|, 4. 4' -t , 7x-l//IWJlK 
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xh77'J-;PXT>0f*^«TBB^(Vl)T^$nS'b©T*-5. 



5£ (VI) Kl&UT, Ar\ A r 2 *5cfctf A r 3 te, §«^iMS^l> d 
n £ ttRI -T* & gfc 4 t> £>T 3b o T «b <fc U . 
A r '-A r 3 Tg$n5^f iMi ITU ^IJi&fc*** (7 U-^g) . 

®&g£W-r&*§£©g&g<!:LT«, 7)V*)U&. 7'J-JH, 7Jm*->*, 
7 U 73 7**e##tfe>tt*. ##*0Mb***£LTtt, WA« 
7irJH, 7;Un^i>7xXJVS, 7'J-;P7x-JH, 

7U-n + y7x-JH l 7$y7x-JH, t'7x^JH, ^7^;PS, 7> 

hjjps. eux;us, ^uux;i/S^£*^tfe,ns. 

A r '~A r 3 Tf$n^ffiSt bttt. 4#lC7xx;US*W*Ll». 




(V I ) 
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5$ (V) . (VI) (TXb^fiSO^Ii-^ICkoTm^MttSSU^iETL^ 

mz&vz3:(i)<Di7'?v>&m#<Dttmu> o. oi-20wix. s^i-teo. 

1-1 5wlXtT*^i:**»*U^. 

4 , *»&a«fntf«fc^. a^Tfe. jE?taAift2itt{k:^«iiUT«3!fSfii=ft7 

N, N* (- 3 -/^7x^) -N, N ' -v7x-JU-4, 

4* - ->7S / fc*7x =J1/, N, N* (- 3 -t'7i-M - N, N" - 

v7x~JU- 4 . 4" -y'7$; h'7x"JK N. 1ST -b'7> (-4 - t -T^ 
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;U7x-;i/) -N, N' -x7x-Jl/-l, 1' - t*7iZ^-4, 4' -y7 
N , N, N ' , N' -fh7 + 7 (- 3 - t'7iZJW -1, 1' - £7 
x-;b- 4 , 4* -y75>, N, N' ->'7i-JhN, N' - (-4' 
- (N-3 (^^7i-;P) -N-7x~;|/) 7$ / f7x~JU- 4 -< ;u) 
^>v>v>fc<!:\ 1#WflS6 3-295695 -Sf, ftffl¥5 - 2 34 6 8 1^, E 
P0650955A1 (*fJ&#R3p 7-43564 ^f) mzmm<D{t%Wmi 
*>n, titers (II) ©fh77'J-^>7 = >5flWJl^ m 

'J7$&, **U7fMft«K:J:0»fcJt*ife«>*;: 
99-99/1, 20/80-80/20. ^(:IJ3 0/7 0-7 0/ 

»«OMfclfl:^fci|lJiil*-?ftffl^ % IE?L (*-JP) tm^HSiEffiS&fllJtU 

(Cte5-6 Onm, ^11 « 5-5 0 nn£T£ 
(III) ©*^7 'J H>fl:*«*fcl4a: (IV) ©7f'JH7S>ft^ftfe H-A° 



WO 98/08360 



32 



PCT/JP97/02M9 




O R22 



5t (111) \Z-O^TmW?Z>£. (III) R2ifc«fctfR22tt7)c*ll5(^, 7 

**s#Lwrt>J:n. Hewlett, /^;ps> x^;ug, yptr;ws. 7^ 

tt£4O£fcfcn~4 0SE»:T*D, 0T*5C^ffSl/H. t, uifi2&L± 

S (III) ©*:f*U K>{t£*KOA*fl*ttTK*T. **W4TI25£ (III 
a) (^)R2i«©ffl^-&T*LT^5. Sfc. W^<Dffl&£^>-t?>SSK:tel -ft- 
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No. 

111-1 

III-2 
III-3 

III-4 
III-5 
III-6 

III-7 

III-8 
III-9 

111-10 

111-11 

111-12 



"21 

H 

-CH 3 
-C 2 H 5 

-C 3 H 7 
-C4H9 
-Ph 

m-hu;u 




N(Ph) 2 



-CH 5 



H 



m- 
P- 




/ 



R22 
H 

-CH 3 
-C 2 H 5 

-C3H7 
-C4H9 
-Ph 

\ 



^23 



R 



24 



N(Ph) 2 



H 

H 

H 

H 
H 
H 

H 

H 
H 

H 



•CH 3 
H 



V YJ' 

2,3-* 

V Yf 



H 
H 
H 

H 
H 
H 
H 

H 
H 

H 



2,3-fiS£ 2,3-«|^ 



2,3-JS^ 2,3-SS^ 



V YJ' 

2,3-1 

V YJ' 
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ztizoit&mt'&tiHDijfa mwmmmtmz 821529^ mm 2 8 

2 1 5 3 0^ mm 2 8 4 44 8 4^ mm 2 8 4 4 4 8 5§«l:J:oT^T 



(^34)v 




3 (IV) lC3^TRWT5t, ^ (IV) +, Ri,»4**fi^f-fctt7'J-;i'» 

RaifcitfRiattft***^, 7U-JU*Sfc»47;i'^-;P***L. 

R 3 2» R3 3T^£tt£7U-;Ug<hbT&M&g£WT5t>©T&oT i k«fc<, 
*«*»6-7 0(D^©^ffSl/K *#W»C»47i-;PS, ^7 3\>Ug, 7> 
HJ^SSWgtf&n, I»li:LTIi7'J-^7S;i, 7U-^75/7'J 

a«k-5&«&a; (iv) T^$ns^ti^e>^$tis-flscDS^±^, fne 

R 32 , R3<T^£nS7;U^;i-gtLTteE&g£#1-£fc©T&^Tfcck 
fcKX^'J JU**»(KUT^*C £#ff£L< . CKDcfcSft*^ a (IV) 

R»4t47U-;u75 y**fc»47«j-;u7a y 7U-jh**l, zm&Ktt 
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£ L £ ck r> ft ffi M T * § C <h t> # £ L H . 
^ (IV) ©7>^'J;^7 = >{fc^C7)A#:0II^^TlC^1-. 
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IV-5 
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Tfc«fclr». -flSWKtt, *tt£%«X&&tt-f**>. *4Uttj8*t 

w article, fSftismfcoffSK^T*. 

>fgzjj#£>^rgt4 l OwtlJEt±T**^t^ff*LV^*fcrai + **^ttgiJJl 
+Ta(II)©xh57U--;U5?75>«i»#i:#fflT*'5jE?LaAtt*«k^/* 

tz\$mm&(Dmm<D4\:&<totLT\z. ftmwe 3-2 9 5 6 9 5*a«, 

2 - 1 9 1 6 9 4#&«, #M¥3 - 7 9 2 ^«^KBE»c£ftT^£&«;£$ 

uyy-j^^, 75y»fc*r*:**iJ-*;?7i/->MB 

m^t>it^m^s &-fLtt (II) <Oxh77«J-;U->*75>R»-tt:lZlS^$ 
AI&iil^IE?L^l3i®lC, jg^S^ffl(/ifcE?LaA«!lilH4<b^%^ffl^-5C<i:^ 
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-flirt, MS UXH-mftom: I TO*) *>fc#y> 

ttTfc^K m^aA«si3i®{3«, mj* (8 u / ^ h) 7;p$-^a* 

cfcU. 
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"3lr*Tte. EP065095A1 (*f/ft#$¥ 7-43564 ^f) #CDEEi!c£# 

(8 -4/ u j ? b) 7)\,$-v&<D&?u%?&.\mmmtG®t:ttTzm 

+ <0#®iEMBK:1*ST;i£TIE?U£AJ&>S h »JA (8- + ;U7M 7^5 

ttffc£«5<fc 0 t>fi< , ttA tiE?LttAK:»LTft««Kfl2*#iT*tltfnfl|lC 

♦WJIfcfcHT, BfffiKtt. tt*H*0/h$^«^, «*tf, Li. Na, M 
g. Al, Ag, I n*5Wi:n6© l«EU:££'tJ£&£JflV><5 
Ll>. Sfc, lfeffitt|ga^*BIAH^<!:^»*L<, 7^1/7 7 AttllT 

SSCt^ff^Uls. 0~1 0 0 Onm|iSt-rs^t**»*HrJ. 



WO 98/08360 



41 



PCT/JP97/02869 



JM*«Kte, m?l\Z, I TO UXK-TmfcOvtfA) , 
I ZO (M»K-^»fl2< >v^A) . Sn0 2 , Ni, Au, Pt, Pd, K 

fi§S<DJS$tel 0-5 0 Onmg&tTSCtjWf^Ui. ^GUgaftefc 

-SOQ/ci'tfettlOQ/ci'KT (1*0. l~10Q/cm 2 ) co I T O (/* 
^10~ 3 0 0nm) a«gtf6ft£, I T OM#® £B*fi®T0ftE> 

fcf 13 (A max 4 9 0 ~ 5 5 0 nm) , W ( A max 4 4 0 ~ 4 9 0 nm) , W ( A max 
5 8 0~6 6 0nm) £>fgft£#5 Z. ttfXi*< #(CAmax 4 8 0 ~ 6 4 0 nm<7)^ 

^3>a§S©»l^«BM-7, SR - l&£«rJfl^T»feLTH*. 

*5SB^(c*5tj-*»*b^Amax , C I Efeg&UKDx . yffiOfgfttt. ^3^- 
7-f ;^-«^*3tt*Jft7-f ^-at&iTftR^^^ttioTWTfeJ:^. 
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£<D£%1jv ^-rZMtmvmSS 6 0nmJ^±©&:5<M;fcJ;tf4 8 0 mn^T£> 
5-2 0 um&mtTrLtt<i:\,\ 

axW^4 9 0-5 5 0nra, Wtf)*§&4 4 0 - 4 8 0 no, #©*&5 8 0~ 
6 4 0nmT&9> AmaxttifiCDT^? h;P?)fil@^^fnroi^l:t 10-10 
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^-^*«wjtT#, axa"cowii*«ig*ttuj:'5«i:#*»fea«m««j:<, 

* CD [SJ±^ £ EI £ d <h #T £ -5 . 

7/1y*, CVD) SK^T^T* 

7^;U7 7^ttJfi*fcttllSilfi[g^0. 1 /zm^T TKffittO. 00H 

m*§£-?&5. ) ®*9*fe*R]W»Sn*. ^ B W0. Ui«iB^5t, 
*J§-ftf8ft£fcO, *?0RME£ffi< Lfctttttf&Sfc<fc0. mffioft 

*S&*©*fmttCIB£$tt&lr>7&<. 10' 3 Pa (10- 5 Torr) «T<DHSS 
£U s^iijgteO. 0 0 1-lnm/sec mmttZZ. tt)W£l,^. M 
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tf>3-K , 7>^$a7-ynyi 7 h (LB) ft 

l*s*tt, 2jia±<z>^ftJi£AW#-7^fti^±©*i£-^ ;H#-7i 

t U 7<B«»E?B£0lta* 1/10-10/1, L < 1/6-6/1, £ 0 
*ff S L < tt 1 / 2 - 2 / 1 T?»*83fcJB-e»*. 
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a©X^;^-U^t*ir'J7*l2lttJlO+^>J7«J2ltt (** 'J • 

<b%ytm^<Dn?\ztttzmmtf$L\,mbL<te> #%\zm*m «o. 2v> 
•J7©ptig <>o. 2ev) sr. 
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7 □ y * o y □ v $ mm * ®m <d isj ± c w$ v $> 

©te^*©** U 7£Att)i#ffi(D*^ 'J 7»g£i*aT*fcfctffc£fc^. 
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Ji*-f y©583tJI©S*»»C» SSfcH-Z^K* K-yUfe^lS^lt, K — 
£<D*§£<D*g£JI«, WE £ ramie, lEJLaAlia&ttfc^l&tm^&At&aitt 

A&&<kzt/£ti\zmm&<Dm ( rjEjuij tut) fl(i<Dig&jg£ig&sgiig, 
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M2m^ nTmfr$&A2nrzn?\zmG%2m$:mmi,m£mim^tmts 

frt>jE?ii$\m&<D%ytm. M£%ytm<DM\z2mwitttzm&&mA-?z> e mum 
jETimmftom<D\!-^y hLUMommz&^Tn?*m&n. iE7L^i4^ 

ftH + T'S*££ L 563t-r * H t T* 2 S <D«#7&«pJfl6 \Z ft 5 . 

iii) 3 m : ?^M't4cD^lch^^^l(Om^-&^O^T, #Jx.te*m^l 
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ii) . iii) C^l»Ttt, Ctl^Ol^t, *3WiClft£K:;6l,>T«3fcJifc3 

fcKfctl 0-8 0nnT?**Ci:*«»*L<. MI^IKI$«6 0~4 0 0 nm 
ttl 0~6 0nnT*5:i:^$LK 
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$ns^7U>s»^ sc (no -e^sfts+T-^y H>fcfn&, a (yd 

s (vi d -essnsft^^ift^sffl : 

5$ (VID KIO^TIttW-rS. it (VID tCttW8B<DJU^U>fe^$n-5. 
(Ar) m -L (VI D 

5$ (VII) fcfc^T, Ari^fMS^il, mte2~8CDg£frT£>D, 

x-jbg, 7^y 7x-jus, 7-7^;i/g, 7>Hj;ug, tru-jug, ^uu 
-;ug&£j»tfbns. 7Ji/+-;u7u-> (7>j-ju7ji^» ^b 
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X^g, (n, i ) -yoifJH, (n, i, sec, tert) -7> 
(n, i, neo, tert) -^>^;PS, (n, i, n e o) -'s* 

•>;PS#©7;u^;w**<*jf en, cn6©7;i/*;u*©7x-;p*c*tt5« 

&&gteo, m, pffc©HTm?fcoTt>«fctr*. Z(Dd:^n£7;U4 i ;i/7x-;i/S 
©A^WiiUTtt, (o, m, p) -hiJJH, 4-n-7*f;P7i-JH, 4 

- 1 -t*?;u7x-jps, Jswutfsn*. 

7'J-;V7iZJHtLT(t 7 'J -W^7x-;HTft5 fcO L 
<> £©J:3ft7xi:;uSfcm*£nT^Tt>«fc<, uOtf0giS«7^ 

S^(D7U-;US^SSILfc7x-;i/ST*oTt)cfc^. :Oi7^7'J-Jl/7 
x-;USO^r^J<i:tTtS, (o, m, p) -kf7inj;H, 4-HJ;U7x 

x;ug, 3 - h 'j;u7x-;us, -f U7x-'j;ps*ss#DStffcn*. 

«K. 7Juy-;p*tLTtthU7U-;P7;^=i;uS3&*ffSL<. #1*. 
tfMj 7xx;n?-;i,g, hj h u;ut'x;ug, h u tf7x=;nfn;^#*«* 

If^n-So dCD c t^f e c7;P^r-;U7x-;PSOA#:^JtLT«, h'J7x-Jl/k' 

-;W7x=i;p»*d**frf6n*. 

7= y 7x-;USiUTIi, 7S /S#j&n?7 U-^7 5 V*T*5 
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<nmm 5 > 

nmm 1 iPiic^^^L^ ®mt%® 1-201 

oftM ic^j^b^#i 1-103 tmwzo 

Z<DEL%?\znK.%mnLTnUZfiiiLtz.tZ?>> 1 6 V ♦ 9 8 OmA/cm 2 
T 6 1 4 0 0 cd/m 2 (fgftH±£fi A max= 5 1 0 nm, fi&MI x = 0 . 2 

3 y = 0. 6 3) CD?gft#?IIg£'n, :oM«^^lt4>T1 0 0 0 0 

0¥M$tel 0mA/cra 2 <Z)£mrfti£i!jT3 0 0 0B#ffi (7 3 Ocd/m 2 , ggKim/£± 
#8. 0 V) 3fl$@£3 0 0cd/m 2 Ttel 0 0 0 OmfflT&orz, 

immm 6 > 

^mm i tmmizmTZftmLtz. tztzv. %ytm\z, mmt^m 1-201 

V>Rt> K) \ZMm{k£® I-104SfflHfc. 

Z\<DELm=?\Z%E.*%ltiaLTnffi*:ffi\stztZ?>, 12 V, 6 2 5mA/ cm 2 
T4 0 3 0 0c6M 2 (Dm& (&#S*ft£ A max = 5 0 0nnh fe^H^x = 0. 

2 3y = o. 5 8) <z>fg##t$gig£n, :©OT^i^imiooo 
omm±$:feisT^rz 0 ®ttmmft&<Dihm&&tfj$.&\z±<tefr-otz 0 m 
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#2. 5 V) Wmnm3 0 0cd/m 2 -m4 0 0 OWfflfcofc. 
<J:b^^J 1 > 

0 2<&ftfcB»CN, N' - t'7 (- 3-/^7i-JW -N, N* -/7iZ 
4' -y*7$;k'7x^ (TPD0 0 1) 
£©EL*^£*JBE*ft;!J0LT«ffi*aELfc£;:3, 13V - 51 8mA/cm 2 
T 7 1 7 0 0 cd/m 2 <£>lifi (fgJtffi^iftfi A max= 5 2 5 nn. x = 0 . 2 

9y=0. 6 6) ©a3t*«WB*n, C <05gft«&AR2SigH&'t'T 1 0 0 0 0 
P*raEt±5fcJ£LT^fc. OinA/cm 2 (7)^OT«jT6 5«fW (1 

2 8 1cd/m 2 , mWinmiiftl. 5 V) IIWI3 O 0cd/m 2 Tte8 0 OBSrlHJT* 

(it»J2> 

0 2<Bftfc>DK:N, N' -fc'7, (- 3-h'7xZj« -N, N ' -x7x~;U- 
4, 4' -y*75/ tf7x-;i/ (TPD 0 0 6) fcJflUfc. 

£0EL*^K*ffi&WioLT««E£fllELfc<J:;i3, 14V - 5 3 2mA/cm 2 
T8 1 0 0 0cd/m 2 (Di^fe (»3tff*«[*Ainax= 5 2 5nn, fiMS«x = 0. 3 
2y = 0. 65) ©583fctf*«B£*l. ClO^ttttflkS^H^T 1 0 0 0 0 

7 3 0cd/m\ ^»mffi±#2. OV) 3 0 0 cd/m 2 Tte 8 0 0 B#P«UTcfe 

0 2©^oi:n, n' -t*7> (- 3 - t -y^;u7x-;i/) -n, n' --/7 

x-;i/-l, 1' -b'7x-;i/-4, 4' - ->*7 5 > (TPD 0 0 8) Srffl^fc. 

C0EL*^£*ffi£ftiDLT«aE£«El,fc£::5» 1 3 V • 5 0 8mA/cm 2 
T7 9 3 0 0cd/m 2 O*lfi (fgftffi*:&& Amax= 5 2 5nn. fe«JS»x=0. 3 
0 y = 0. 6 6) ©5B3td««KSn, COaftttftjaS^HSl^T 1 0 0 0 0 
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7 4 9cd/m 2 . J£»mffi±# 1 . 4 V) ftlgiBft 3 0 0 cd/m 2 Tte 5 0 0 EffflT* 
<Jt«0iJ4> 

0 2©ftfcDK:N, N, N' , N* -fh7^ (-m- h'7 x -1, r 
-t'7x-Jl/-4, 4' -v7^> (TPD 0 0 5) 

dOEL^^^«JE&EPiPLT«gltS:jSSLfc<i:C:5, 14V- 6 4 3mA/cm 2 
T 1 0 2 7 0 0 cd/m 2 (D&£ (^3t«8±jS^ A max= 5 2 5 nnu x = 0 . 

28y=0. 6 8) 05Bft#«&$tt, :©^(«§i#i^Tl 0 0 0 
O^IHEU:££LTtr>fc. ttg©¥&»ittl OmA/cm 2 (D£mfifc!§EKrei 1 5 P»M 
(1 8 4 2cd/m 2 v SKSmJE±# 1 . 8 V) «08§ffg3 0 0cd/m 2 T*tt 1 6 0 01$ 

(Jt&fll 5 > 

nmmi tmmizmTZftmbtzo tztzb. iE?L&AJifc, m^it^mi-i 

0 2<Dftt>K>lZN, N' -v7x-JU-N. N ' -k'X- (-4* - (N- (3 
-^f^7x-;b) -N-7x"JW 7i/t'7i-^-4 — ( )l) *<>z?z?> 

(TPDO 1 7) %m\,*tz. 

Z(DELmi L \znK.%muLTnm$:iMLtztZ.?>. l 4V • 7 1 5mA/cnr 
T 7 5 6 0 0 cd/m 2 A max= 5 2 5 nm, gllg x = 0 . 3 

2y=0. 6 6) 0»ftj&««S8Sn, ^«(»g^ffl^Tl 0 0 0 0 
Wmet±*ftLTV>fe.li*©i|i««ttl 0mA/cm 2 O^mM»JTl 9 7B#|8J<1 
15 6cd/m 2 , mmnm±&2. 3 V) 8J8i&«3 0 0cd/m 2 Tte2 0 0 6l$MT 

nmm 1 tn«»c*? *f^«Lfc. fc^L^^ic^j^b^^ i - 2 o 1 ©ft 
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ZfDELmTiznm&muLTnm&mLtztCZ, 16V- 8 4 0mA/cm 2 
T6 0 0 0 Ocd/m 2 (7)||afe (fS3tffi*«fi A max = 5 4 0 nnu fiM«x = 0. 
3 7y=0. 6 0) 0»3t*«*B*n. C<D«3tttl£j»«*#IBft»t»T 1 0 0 0 
OB#lffl£H±^LT^fc. 0mA/cm 2 <Z)£mSStSK®rCl 0 0 P»|HI 

(8 0 Ocd/m 2 , SKi&@I£±#3. 2 V) «0«B»S 3 0 0cd/m 2 Tte5 0 0 B#RSJT 
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#7*Xl£±tC;*7 5-7 4 , ;i^--lg|£^±/\> h^CR- 2 0 0 0 £flH>TS& 

ASF^Lumogen F Red 300$: 2wM$L/tfcO£ffl^T^fti L^-£ LT5 u 
mj?tC^fiJcL,Se»^^0±{Z^--A'-H-bSS±A>h$S[CT- 1 ^ffi^Ti 
LT 1 AtmfftJgfiJcUfc.- CO±tC, I^10 0niD©I TO&XA-y* 

C©EL*^fC*JBE*EPHlLT*86&i«LfctC5» 1 5 V • 6 1 5mA/cor 
T 9 0 0 0 cd/m 2 co^fe A max= 6 0 0 no, &&&& x = 0 . 6 0 

y = 0. 3 8) ©«#*««B$*L ^0«3ttttt*S**H«+Tl 0 0 0 01$ 

<#OE#l8> 

^Jfiflll IC&^T, iE?LliaJi*«*^*II- 1 0 2 t;U7 r I/> < h$ 1 0 : 

^OEL^^^Uffi^EPJtlllLTm^^^UfeiCl^, 1 4 V • 7 5 OiA/cm 2 
T7 9 8 0 0cd/m 2 £>i&£ A max= 5 2 5nm. 5 5 5 nn. &&&& 

x = 0. 38y = 0. 5 7) <D»ft7W*B3n. £0f6)t«$£»g*£ffl» + T 
1 0 0 0 0«pMJ^±*SUT^fc. »g<0¥«8!ttl OmA/cm 2 ^^mo?tll»jT-7 
0 0^^ (117 3cd/m 2 , gg8imi£±^2. 5 V) , WWUm 3 0 0 cd/n'Ttt 
4 5 0 0«rWT?»ofc. 
<H$£#I9> 
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-T-f^ + X (-m-t'7i-^) -1, 1' -t'7i-Jl/-4, 4' -y7 5 
> (TPDOO 5) . «^&AH»ttft£fc£LT MJ* (8-*/<J/7h) 
7;USr££ (A1Q3) ***JflH, fStflQi;&*ttgO. 5nn/secTfc»U 
^tlch|W)B#H^J^k^ 1-10 3 fc&»iia?#)0. 0 0 7nm/secT^«FLT4 
Onn#0)K£JB£UTJBfi!cUfc. BMWHT, TPD005 : A1Q3 : ft 
^{fc&tll -103 = 50:50:0. 7 (Rffft) fOg^tt^»« 
liPIRl/T^^lilfc. Ttfib, MTDATAfc/B^fcjEJL&AINBl 
«5 0nm/P, TPDOO 5£/iH>fcIE?Lt&2iJBttl OnnJ?, AlQ3Sffl^fc« 

H©EL*^lC«£E«rWJlPLT««**t TztZ-Z. 1 8 V • 6 0 OmA/cm 2 
T5 4 0 0 0cd/m z <7)^fi (fgft^&fi Amax= 5 1 Onm, figffiSx=0. 3 

0 y = 0. 6 0) OBftj&qtRStl. £0«tttt«*g*gHSE+Tl 0 0 0 0 
P#ISI£U:5££LTtr>fc. 1 OmA/coi 2 0£M3K»jT6 0 0 OttR 

(10 3 Ocd/m 2 , gg®j^J£±#2. 0 V) , WMUm 3 0 0cd/m 2 -ete2 0 0 0 

<§HSS0|J1 0> 

SfeRflllCfcHT, iE?LaAJI£4 OnnfffcJBfifcU iETLHiii® ^T P D 0 0 
5t)VZTU> (7wtX) fc*JflWT2 OnmmKJBfiKU Cl©±t;:583fcS&£lS0l 9 
tWRKTPDOO 5£A 1 Q3tm*<t€;Ml -1 0 3 £ SrJH^TJBJfcT* 13 
jfettRRfcLTRMflsRLfc. 

^©EL*^ tC«flE*HJ10lxT«**aELfci:C:^, 1 2 V • 6 5 OmA/cm 2 
T6 7 6 0 Ocd/m 2 cD^fe (fgftS^&g Amax= 5 1 Onm, 5 5 0 nm, -fe^ffi^ 
x = 0. 38y = 0. 56) <056^* ? «K*n, C©»3ttttt*a**BB«4«T 

1 0 0 0 0P#&m±££UTV>fc. WSO^WSBttl 0mA/cm 2 <D^mzJfEKfjT6 
5 0 08^1 (9 0 Ocd/m 2 , IK«imm±# 2 . 0 V) , 3 0 0 cd/m 2 Tte 

2 5 0 0 0«WT*ofc. 
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<mmm 1 1 > 

o 2, n?tz\mm&i\:£®tLTbvz (8-*y u/7 m t;u=-^a (a 

1Q3) K£ffli;aMra«0. 5nn/secT**U ^n<i:|5|Bff3J 

^it%m 1-201 fe£*i£ftjft 0.015 nm/secT&ir LT 4 0 nmHtf)}g£Ii 
£LT^/&L£. «£*fc*5tr>T, 0 2 : A 1 Q3 :«3K<fc^ 

#11 - 2 0 1 = 5 0 : 5 0 : 1. 5 (ttff Jfc) T&S. -tOUMiUlfifll 1 <t fWJ 
^(CLT^Srf^SiLfco fc£U MTD A T A V>£iE?l&A*fo2!Jite 5 On 

ii - 1 o 2%m^tziE?immmtei omj?, a i Qs^m^tzm^xmrn 

ZiDELm^FlzmE.ZmnLTmffi&mLtctCZ. l 3 V • 7 5 OmA/cnr 
T 9 8 0 0 0 cd/m 2 (D^fe (SBttff A max= 5 2 5 nm, figffift x = 0 . 2 
9y = 0. 6 7) (D&yttfmmZft. C0583tttl6J»S8*«Hft+Tf 1 0 0 0 0 
BMJsUiSfcfcLT^fc. ffgGD¥M$tel 0mA/cm 2 <Z)£^MIfjT4 0 0 Oftffl 
(110 0 cd/m 2 , JBft*JE±J* 2 . 0 V) , $!)ftl)f ft 3 0 0 cd/m 2 Tte 18 0 0 
0B#p B lT£ofc. 

mmm 1 2 > 

1-102 t)\s7u>tzm^T2 omm\zM]&L,z\<D±\zmytm%%mw9 1 
nrnzm^^mu- 1 0 2£a 1 qz tm^it^mi - 201 t^m^xm^ 
-?%teftizmm\zLTm?*ftmLtc a 

Z(DELm?\znj££WlJQLTnm*fiiLLfZtZ\z>. 1 3 V • 9 0 OmA/cm 2 
T 8 0 0 0 0 cd/m 2 ©*ti»ft A max= 5 2 5 nm> 5 6 0 no. 

&x = 0. 40y = 0. 55) ft. d©5B^tttt*S*»H»1» 

Tl 0 0 0 0*SMEU:£j£LTV>fc. 0j&<Z)¥M8!]te 1 0iA/ci 2 O3t*«EJKftT 
6 0 0 omm (10 5 Ocd/m 2 , K»*BE±#1. 5 V) . *JJ#I«g3 0 0 cd/m 2 
T«2 5 0 0 0B#^T*ofc. 
(^JSflJ 1 3 ) 
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10l:*UT, &\7F;it&ti) I - 1 0 3 Rt> 0 t. WkA:£1&IV- 1 

<HJ6«aj 1 5 > 

11,12 fc&nx, W^ib^* 1-201 oftboi:, fl$s<fc'&#ni 
I -1 (WJH» fcJBHTEIfclCfc^tftMHL, «ftt*W^fcd:i^. & 

(HiSfl 1 6 > 

HJStaj 11, 12 fc*HT» ^J^b^^J 1-201 ©f^t> 0 K, fy^b^ttiv 
• fcfl!^fcjEIL&AJi/fl©fc**H IM, jE7L«3l«ffl©<k^«!I*5cfc^iE?L«lj2l 
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2-?*)>mm& (w^t^«ji - i o 3) , ;pyu> (WFft&tii 

-22) 43£tfHJ* (8- + y'J/7h) 7;i^~?A (A1Q3) <D%%^ 

<##0»J 1 > 

S^lOOnmOITOlWlI (»&) m5^/7XM (1. lmmJP) £, 

1 0- 6 Toit£TMJ£L7Co 
&t^T, N, N' - y7i-;KN'-t*7 [R-7i=^-N-4- h U ;U (4-7$/7i 
] ^yVi>> (HIM) £m^j£g2nm/secT5 0 nm<£#£ \ZW£ L . IE 

N, N.N'.N'-xK^T. (-3- t*7x~;U ^>vv> (TPD 0 0 5) 

&&*aLK2nu/secTl Onn<0»$K:fc*U IE?Li$i§l £ Ufc. 

<£&KMJ* (8-3V 'jy^ h) 7;R-"?A (A1Q3) ££TU>»HI# 
££a£«r3§ < g2nni/sec,i: 0. 0 2 nm/secT*^* U ?VU>&###1. Ov 

££K:, «BEtt!B*«ofc*S. MgAg (SSJt 1 0 : 1) £*MfiigE0. 
2nm/secT2 0 0 nm<7) J9 $ IC £8 SfLT Biffin L, §i!tlTA UlOOni 

<##0J2> 
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i o onmo i rommnm mm z&'rzxyz.mm a. imm/?) 

1 0- 6 Torr^TMJELAco 

N.N'-^xXjMI.N'-fc'X [N-7xZJH-4-h'JJl/ (4-7>7 7x 
x;U) ] ^>vv> (HIM) £aMfa&2nn/secTl 5 nm<7)j?$ K&*U IE 

u,N'j'-fh7^- (-3-t*7xxjM-f;p) ^yvvy (tpdoos) 

S&fc, TPDO 0 5th»JX (8- ^/U77h) T^SX^A (A I Q 3 ) 
b&#mttWl : \tfcZ>&o\Z. -fr-0)V-JVy («^l-2 0) £2. 
5vol%^tfck-9{C4 OniO*St*3H»L % a^Ji^-f^©||5i officii tLfc. 
£0£*0>&*3S&«:, M\ZQ. 0 5nm/sec. 0. 0 5nm/sec, 0. 0 0 0 2 
5 nm/seci: Ufc. 

&^T, «EEtt»£fih>fc*£, m^£Af$i§^l£LT> HJX (8- * 
J U /7 K) 7;i/SX>>A (A 1 Q 3) £?&j»j£g0. 2nm/secT5 5nm(Dff$ 

*JBEJKJB*figofc**» MgAg (MJtlO : 1) £^3f3tJgO. 
2nm/secT2 0 OM0JS$K:a&* UTBtSi: U fliiLTA 1 * 1 0 Onm 

EI3^bt>^^ck-5H, ;U:7>>te5 6 0nm#iEfc»#«*tt**5rrs. fg 
<###I3> 

W*EL3HP<D«s« 

h UX (8-+;U/7h) 7;l^XtfA (A1Q3) <0ft%7,^ hJl/$04 
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1 0 Onmtf) I TO^HjmeS (M) ftWfStf^XSfii (1. 1mm) ft, 
4«ttifc»J, 7-feh>. x*y-jl,ftfflt,>Tj8W2£ifc#U &ftx*y-;u+*>£ 

x l 0- 6 torr£-eMJEb£. 

#tt*T, 4, 4' , 4" -MJ* (-N- (- 3-*3-)l7x.-)l) - N - 7 
x-;P75 7) h U7x-^7a> (MTDATA) ft?£*jlg 2 im/secT? 4 0 

N, N, N* N* -fF7 + 7 (- 3 - f7x~;i/- 1 ->f;P) ^>->*>>*> (T 
PDO 0 5) ft, ^«jtg2nm/secTl 5m<DJ*££lK*U IE?LiiSii§Jf <h Lfc. 

&^T*, «Ett»ftftofc**, m^aA^itttO^^liUT. h'JX (8 
-^/'J/7h) 7;i/$x£A*fc#»«0. 2nm/secT7 OnmWff^fc^L 

&. 

MEtt$ft&ofc££, MgAg (MJtl 0:1) ftDlfriSjKO. 
2nm/secT2 0 0 nm(£JS£ Cltltiii: U ficSIiUTA 1 ft 1 0 0 nm 
*#UEL#^ft»fc. 

H4^6^Sck'5H, MJ 7. (8 - ^yjy^h) 7^^-^A (A 1 Q 3) 
H5 4 0nm#ifil3fS3fcfiS*&gft^T5. fgftT.^? HKD¥«rtm 1 1 0 nmT 

<^Wi l 7 > 

J»£ 1 0 Onmtf) I TOSW«i (NMf) ^tt5^7XSS (1. 1mm/?) ft. 

tttSteaj, 7th>, x*y-;uftffl^Tj@Wi£Sfc#U &i*x*/-;u»pa>e> 

1 0- 6 Torr^TMJELfco 

N,N'-y7xZJH,N'-t'X [N-7 xXJUM- h U ;P (4-7 5 /7x 
x;U) ] ^>S>$>> (HIM) ft&*jg£2nm/'secT5 OnmOJf Stcl»»L. IE 
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N,N.N , ,N , -fh7^- (-3-b*7x-;i/-l-<^) ^>vv> (TPD 0 0 5) 
£s£^iig2nni/secTl 5nm©IP$^^3)f L, E*L$8i££<t: Lfc. 
<*£(C, TPD 0 0 5ih'j7 <8-*y»J/5M 7)l$-0A (A1Q3) 

tzitmt&i : ittzz&oiz, fr~Djuzfu> mwit^m i - 2 2 ) £2. 

5 vol *£tr J: 5 K 2 0 nnOJPS U -f 7<Dlfl l toftftmt Lfc. 

d©i*O^*aflEtt«tC0. 0 5nm/sec, 0. 0 5nm/sec, 0. 0 0 2 5nm 
/seci Lfc. 

*£. TPD 0 0 5 £AlQ3£*fc«Jtrt«l : 1 £ ft 5 «fc 5 
>R»»©W*<b^tt 1-10 3*1.0 vol 5 \Z 2 0 nm<DJP£ 

u m&M9'(7<Dm2<D?&ytMtut. zotzomm&mmizo . osn 

/sec, 0. 0 5nm/sec, 0. 0 0 1 nm/seci 

/U/7h) 7fr$-V& (A1Q3) «jK»itftO. 2nm/secT'5 0nm<7)#£ 

»JEttJ8*«ofc**, MgAg (fiSitl 0 : 1) £^3fjgg0. 
2nm/secT2 0 Oni0JSSlC&*LTB«<!:U &mMtVTA 1 £1 0 Onm 

iii/*iELm»fc. 

^©#*EL*^t=<JEftBI3&nLTfl»*aELfctt5, 10V- 5 OmA/cm 2 
T5 0 0 0cd/m 2 O^fe A max= 5 6 0 nm, 5 0 0 nnu 

x = 0. 39y = 0. 5 5) O^MB^tl, ^©»^ttft*7;U^>*H» 

MO^ttfflBl 0mA/cm 2 cD£mfiftSKifrS8tbT4 0 0 0 0 h r (WM 
HSlOOOcd/oi 2 . Wmmmn&7. 2V, MMt£E±#3. OV) T*o&. 

# (5 1 Onm) /;U7U> (5 6 Onm) ttO. 6 5T$ot fgftX^ 
hiKD^fiiU (*^ctr-^©3lflEO^©jft0rli) ttl2 0niT&0. nu> 
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<Jt80J7> 

SttMU 7IC*HT, TP DO 0 5<D:OL»i£S£#/£bfc<B"5. A I Q3i 
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